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Abstract 
Container handling problems at container terminals are considered as NP-hard combinatorial optimization problems. 
In this paper, we propose an optimization methodology for solving container handling problems using genetic 
algorithm. The proposed methodology is applied on a real case study data of container terminal at Port-said Port in 
Egypt. The computational results show the effectiveness of the proposed methodology for container terminal where 
56% reduction in ship service time (loading/unloading) in port is achieved.
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1. Introduction 
The increasing number of container shipments causes higher demands on the seaport container terminals. The 
competitiveness of a container seaport is marked by different success factors, particularly the time in port for ships 
(service time). A container terminal is a zone of the port where sea-freight dock on a berth and containers are loaded, 
unloaded and stored in a buffer area called yard. Container terminal operations and their optimization have received 
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increasing interest in the scientific literature over the last years. Container terminals can be described as open 
systems of material flow with two external interfaces. These interfaces are the quayside with loading and unloading 
of ships, and the landside where containers are loaded and unloaded on/off trucks. The need for optimization in 
container terminal operation has become more and more important in recent years. This is because the logistics 
especially of large container terminals has already reached a degree of complexity that further improvements require 
scientific methods [1].
  
In general there are three types of equipment employed in container terminals, namely quay cranes (QCs), 
trucks, and yard cranes (YCs). QCs operate at the quayside for loading containers onto and unloading containers 
from container vessels. Before arrival, each container vessel sends its loading and unloading plan to the container 
terminal. Terminal operators will designate a QC plan which indicates the number of QCs required to 
(load/discharge) containers to/from the ship. YCs work at the yard side staking containers onto their allocated 
storage locations and picking up containers from their current storage locations in the yard. Trucks transport 
containers between the quayside and the yard side [2]. The whole terminal operation is very complex and involves 
different types of equipments. A terminal can therefore be ideally divided into two areas, the quayside and the yard. 
The quayside is made up of berths for vessels and quay cranes (QC). The yard serves as a buffer for loading, 
unloading and transshipping containers and it is typically divided into blocks: each container block is served by one 
or more yard cranes (YC) [3].
If the search space is large, it will become difficult to solve the optimization problem by using conventional 
mathematics or using numerical induction techniques. For this reason, many meta-heuristic optimization methods 
have been developed to solve such difficult optimization problems. Because of the computational complexity of 
solving container terminal problems, heuristic methods are used to solve these models to obtain an approximate 
(near-optimal) solution [4]. The meta-heuristic approaches are not guaranteed to find the optimal solution since they 
evaluate only a subset of the feasible solutions, but they try to explore different areas in the search space in a smart 
way to get a near-optimal solution in less cost and time [5].   
Met-heuristics algorithms have been used to solve optimization problems, among all of the heuristic algorithms 
such as: genetic algorithm, tabu Search (TS), and simulated annealing (SA), genetic algorithms (GAs) are in wide 
application because of their ability to locate the optimal solution in the global solution space [6], [7], [8]. Abd El-
Nasser et al. (2014) presents a comparative study between Meta-heuristic algorithms: Genetic Algorithm, Tabu 
Search, and Simulated Annealing for solving Quadratic Assignment Problem. The computational results show that 
genetic algorithm has a better solution quality than the other Meta-heuristic algorithms for solving Quadratic 
Assignment Problems [9].
Because operations in container terminals run synchronously, optimizing a particular aspect of the system 
cannot guarantee the improvement in the overall productivity of container terminal operations. Integrated scheduling 
of container handling equipment is essential in improving the efficiency of container terminals [4]. In this study, the 
container terminal is considered as a global system instead of single optimization problems; the container handling 
problems; quay crane assignment problem (QCAP), yard crane assignment problem (YCAP), and truck assignment 
problem are considered and optimized. 
The rest of this paper is organized as follows: A literature review of the methodologies for solving the container 
handling problems are provided in section 2. Section 3 contains the proposed methodology and framework using 
genetic algorithm to optimize solution for container handling problems. Testing and computational results are given 
in section 4. Conclusion and future work are given in section 5. 
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2. Literature review 
Issues related to container handling problems have gained attention and have been extensively studied recently 
due to the increased importance of marine transport systems. Here, we provide a brief review of existing 
methodologies for solving quay crane assignment problem (QCAP), yard crane assignment problem (YCAP), and 
truck assignment problem are provided in this section.
2.1 Quay Crane Assignment Problem (QCAP) 
The quay crane assignment problem aims to efficiently assign quay cranes to vessels that have to be operated 
over a given time horizon. The assignment of expensive quay cranes to multiple vessel-holds for container 
discharging and loading operations is a major problem, whose solution affects the operational performance of the 
whole container terminal. In the QCAP we are given a feasible berth plan and a set of identical QCs, which are 
available for service. For each vessel included in the berth plan, the volume of containers to be loaded and unloaded 
is known as well as the maximum number of cranes allowed to serve it simultaneously. The cranes are supposed to 
be lined up alongside the quay. They can be moved to every vessel but they are not able to pass each other. The 
problem is to assign cranes to vessels such that all required transshipments of containers can be fulfilled [10].
 (Stahlbock and Voß, 2008) claim that container handling is a key factor for a container terminal’s efficiency. In 
this context, a complex scheduling problem that arises when multiple quay cranes are assigned to the same ship with 
the aim of performing discharge and loading operations is known as the quay crane scheduling problem. The goal is 
to assign each vessel hold or bay (task) to a specific quay crane (machine), with the objective of minimizing the 
overall completion time (makespan minimization). Because quay cranes are the most expensive reloading equipment 
in container terminals, the container quay crane is always the leading element of the system. This is also true from 
the aspect that by improving quay crane efficiency, ports can reduce ship turn-around time, improve port 
productivity, and improve throughput in fright transportation systems [11].  
Raa et al. (2011) present an integrated BAP-QCAP model, while taking into account many real-life features as 
well, such as vessel priorities and preferred berthing locations [12]. (Diabat et al., 2014) presents a Genetic 
Algorithm (GA) to solve Quay Crane Assignment problem, the performance of the GA in terms of solution quality 
was compared to the exact solution. Computational results indicate that the GA produces solutions with a small gap 
from the optimal solution. The most important characteristic of the developed model is the integration of the 
assignment and scheduling problem for quay cranes, which yields better results than solving these problems 
independently. Utilization Measures allow management to determine how intensively the production resources are 
used. Equipment utilization: Because the terminal’s investment in cargo-handling equipment is very costly, 
equipment utilization is an extremely important performance measure [13]. G. Ilati et al. (2014) presented an 
effective evolutionary path re-linking algorithm to find a globally good solution for the problem. In this research, a 
dynamic berth allocation problem was studied. It takes into account the vessel type, tidal effect, and allocation of 
tugboats to transfer vessels, and quay crane assignment planning.  
2.2 Yard Crane Assignment Problem (YCAP) 
Yard cranes are working in a container yard. They move in the yard to transfer containers between trucks and 
the container yard for container storage or retrieval. An effective yard crane scheduling can reduce truck waiting 
time. A number of researchers studied scheduling of yard cranes in a container yard. Ng (2005) studied the problem 
of scheduling multiple yard cranes in a yard zone to minimize truck waiting time in the zone. A dynamic 
programming-based heuristic has proposed to find effective schedules for the problem. Computational experiments 
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are carried out to evaluate the performance of the heuristic and the results show that the heuristic can indeed find 
effective solutions for the scheduling problem [14].
Jung and Kim (2006) propose a method to schedule loading operations when multiple yard cranes are operating 
in the same block. The loading scheduling methods are based on a genetic algorithm and a simulated annealing 
method, which consider interferences between adjacent yard cranes. It attempts to minimize the make-span of the 
yard crane operation. They are considered that the container handling time, the yard crane travel time, and the 
waiting time of each yard crane, when evaluating the make span of the loading operation by yard cranes [15]. Guo et. 
al. (2008) studies the problem of real time yard crane dispatching in container terminals. A judicious integration of 
real-time data into the yard crane management system will allow better utilization of terminal resources to improve 
overall terminal productivity [16]. K.L. Mak and D. Sun (2009) presents a new optimization algorithm combining 
the techniques of genetic algorithm and tabu search method to solve  the problem of scheduling yard cranes to 
perform a given set of loading and unloading jobs in a yard zone [17].
2.3 Truck Assignment Problem 
Trucks are employed to transfer containers. Decisions to be made on truck assignment include the scheduling of 
orders and routing of trucks between the berth and the storage yard. During a vessel’s loading and unloading 
processes, containers have to be transported between stacks in the yard side and vessels in the quayside by Trucks. 
Efficient and effective truck assignment can speed up the container handling processes, smooth the container flows 
between the quay side and the yard side and thus can increase a terminal’s productivity. Jula et al. (2005) modeled 
an asymmetric multi-Traveling Salesmen Problem using a hybrid methodology consisting of genetic algorithms 
(GA) [18]. Kozan and Preston (2006) examined mathematical modeling and optimization of the sea interfaces using 
GA and tabu search, specifically the transfer of export containers from the storage to berthed ships and presented an 
optimization algorithm capable of handling large problems that arise at the quay-side operation [19]. A new 
optimization model for the tactical design of scheduled service networks was presented by Andersen et al. (2009). 
The authors treated the transportation work within a container terminal as a network. The objective of the model was 
to minimize the throughput time of the demand in the transportation system, where several entities provided service, 
internal exchanges and coordination with neighboring systems [20]. 
After reviewing the research studies discussed in the previous section, it can be concluded that container 
terminals are facing a set of interrelated combinatorial optimization problems; quay crane assignment; yard crane 
assignment, and truck assignment. One of the most important performance measures in container terminals is the 
operation time.  In container terminals, many combinatorial related problems and the solution of one of the problems 
may affect to the solution of other related problems. Extensive research has been carried out on these problems 
separately. As such, they are unable to ensure optimal solution for container handling problems in container terminal.  
This paper proposes propose an optimization methodology using genetic algorithm for solving container 
handling problems; quay crane assignment problem, yard crane assignment problem, and truck assignment problem.
The proposed methodology is applied on a real case study data of container terminal at Port-said Port. 
3. Methodology and framework 
Our proposed methodology is applied on a container terminal at Port-said Port which located in the 
Mediterranean at the northern entrance of Suez Canal.  Container terminal consists of 950 meters of quay length; 
container terminal yard area is 467130 m2. The terminal equipments are 10 quay cranes, 17 Yard cranes (RTG), 33
Reach Stacker Cranes, 1 Mobile Cranes, and 65 trucks [22]. This paper presents a developed an approach using 
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genetic algorithm (GA) and code is implemented for the solution of container handling problems using Matlab 
software. 
3.1 Genetic algorithm 
Genetic Algorithm (GA) is a stochastic search technique based on the mechanism of natural selection The GA 
starts with a set of random solutions called a population. Each individual, named a chromosome, is represented by a 
string. The chromosomes evolve through successive iterations, called generations. Offspring are generated through 
crossover and mutation operations on randomly selected chromosomes. A new generation is then selected based on 
Darwinian evolution by evaluating the fitness. Individuals with better performances will have more probability to be 
chosen. The GA has been refined by numerous researchers and has become one of the most popular meta-heuristic 
algorithms for solving facility scheduling and operation problems in container terminals [14]. The process of GA 
can be represented as follows: 
Generate initial population 
Evaluate the fitness of each individual in the population 
Repeat 
 Select best-ranking individuals to reproduce 
Create new generation through crossover and mutation 
Evaluate the individual fitness
Until (terminating condition) 
Return best chromosome 
Crossover does the task of recombination of two individuals to generate individuals of the new generation. The 
new individual carries some of the characteristics of the first parent and the other characteristics from the other 
parent. The new individual generated in the process may be fitter than the parents or may be weaker. This depends 
upon the selection of the characteristics by the individual. The selection of good characteristics from both the 
parents that result in high fitness results in better individuals and vice versa. 
Mutation is responsible for the addition of new characteristics into the individual. Crossover alone largely does 
the continuous exchange of characteristics into the individuals in a population.  However the optimality cannot be 
achieved unless the individuals have new characteristics added to them. This operation is performed by the mutation 
operator. In this operation, randomly change the characteristics of individuals by some amount governed by the 
mutation rate. This changes the individual and the new individual that emerges may be fitter or weaker than the 
parent individual. If the changes applied were good, the new individual is fitter and vice versa [21]. The objective 
function can be defined as a measure of fitness for solution performance which allows the genetic algorithm to retain 
useful solutions and inhibit those which are less useful. Based on these features a GA-based optimization method is 
proposed here to solve our modeled problem. 
3.2 The proposed methodology 
Our mathematical model was formulated by considering quay cranes, yard cranes and trucks. In container 
terminals, many combinatorial related problems and the solution of one of the problems may affect to the solution of 
other related problems. Extensive research has been carried out on these problems separately. As such, they are 
unable to ensure optimal solution for container handling in container terminal. Thus, container handling problems 
are considered in this research. In this paper, we presented a new mathematical model which deals with container 
handling problems as a whole which makes the model more comprehensive for representation of container terminal 
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operations. The objective is to minimize the total handling time. The following assumptions simplify the model 
complexity. 
x Cranes are identical, both in terms of productivity in (loading/discharging) of containers. 
x Crane tasks must be finished without interruption once they get started. 
Notations:
QC Total number of Quay Cranes.
YC Total number Of Yard Cranes.
YT Total number of Yard trucks.
Njt The number of containers (load/discharge) for vessel j at time t.
St The total number of vessels berthed in the terminal at time t.
QCjt Number of Quay Cranes assigned to vessel j at time t.
YCit Number of Yard Cranes assigned to quay crane i at time t.
YTit Number of Yard Trucks assigned to quay crane i at time t.
Vt Service time of single Quay crane per container.
Zt Service time of single Yard crane per container.
Xt Service time of single Truck per container.
QCHT Quay crane handling time.
YCHT Yard crane handling time.
YTHT Yard Truck handling time.
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Subject to:
j = 1, 2,…,St; i = 1; 2,…, QC;  t = 1, 2,…, T (4)
The objective function (1) is to minimize the container handling time by qua y cranes. The objective function (2) 
is to minimize the container handling time by yard cranes. The objective function (3) is to minimize the truck 
handling time. Constraint (4) is the non-negativity constraint. 
An integer chromosome representation is used to exploit in the full characteristics of the problem. Table 1 
provides a sample chromosome, in which each integer in the chromosome represents a unique identification of quay 
crane number, and the position of each gene represents the vessel number to which the quay crane is assigned. The 
Chromosomes encoding are the identifications of quay crane number. Under vessel 1, the symbols “1” and “2”
shows that QCs numbers 1,2 serves vessel V1. Under vessel 3, “5”,”6”,”7” in the string says that vessel 3 is served 
by QCs number 5, 6, 7 and so on.  
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Table 1 shows part of the random key representation of the crane numbers.  Also chromosome representation is 
used, in which each integer in the chromosome represents a unique identification of yard crane number, and the
position of each gene represents the quay carne number to which the yard crane is assigned, and other chromosome 
representation is used, in which each integer in the chromosome represents a unique identification of truck number, 
and the position of each gene represents the quay carne number to which the truck is assigned.  
Table 1 Chromosomes encoding for quay carne assignment  
Vessel No. V1 V1 V2 V2 V3 V3 V3
QC. No. 1 2 3 4 5 6 7
A permutation encoding is used to represent the tasks. The position of the task for each quay crane, yard carne, and 
truck is identified. The procedure is repeated, the generations are produced to select the parents. The selected parents 
are used in crossover, in which a QC, YC, and Trucks are selected. We implanted a methodology in genetic 
algorithm using matlab software to determine quay crane numbers which are available for vessel i-th, determine 
yard crane numbers which are available for quay crane i-th, and determine truck numbers which are available for 
quay crane i-th. 
4. Testing and computational results 
The data are based on real data at the Port-said Port Container Terminal for one week from 01/07/2014 to 
07/07/2014 (see Table 2). This involved number of ships, total no of (load/discharge) containers for each ship, and 
actual operation time tacking into account container terminal resources which under planning preventive 
maintenance. Implementation was run on a Laptop with the following configurations: i3 CPU 2.4 GHZ, 4.0 GB 
RAM, Windows 7.  
Table 2 shows the results of our proposed model on a real case study data for one week from 01/07/2014 to 
07/07/2014 at Port-said port container terminal, the total number of (load/discharge) containers = 1019 7 containers. 
The results of our proposed model show the number of assigned quay cranes, yard cranes, and trucks for each ship.  
The results shows that our proposed model achieved a total service time = 11200 minutes, where the actual service 
time of the collected data=25485 minutes.  
Table 2: A real case study data of container terminal operation 
Ship
No.
Actual Operation Our proposed Model
Start Operation 
Date
End operation 
Date
No of containers service
time  
(minutes)
No. of 
Assigned 
quay 
cranes
No. of 
Assigned 
yard 
cranes
No. of 
Assigned 
Trucks
service
time  
(minutes)Discharge load
1. 01/07/14 07:30 02/07/14 07:30 607 357 1440 4 8 34 723
2. 02/07/14 11:15 03/07/14 07:30 754 183 1215 3 6 26 937
3. 02/07/14 16:30 03/07/14 10:00 146 72 1050 2 3 15 327
4. 02/07/14 14:30 02/07/14 21:45 13 15 435 1 1 6 84
5. 03/07/14 17:15 04/07/14 11:15 751 221 1080 4 8 34 729
6. 03/07/14 12:45 04/07/14 01:45 72 69 780 1 1 7 423
7. 03/07/14 16:00 04/07/14 02:00 130 0 600 1 1 6 390
8. 03/07/14 17:30 05/07/14 14:00 125 107 2670 2 3 15 348
9. 03/07/14 07:00 03/07/14 14:15 61 0 435 1 1 7 183
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Ship
No.
Actual Operation Our proposed Model
Start Operation 
Date
End operation 
Date
No of containers service
time  
(minutes)
No. of 
Assigned 
quay 
cranes
No. of 
Assigned 
yard 
cranes
No. of 
Assigned 
Trucks
service
time  
(minutes)Discharge load
10. 03/07/14 16:00 04/07/14 11:30 542 0 1170 3 6 26 542
11. 04/07/14 16:45 05/07/14 13:00 306 154 1215 2 4 16 690
12. 04/07/14 17:00 05/07/14 05:00 0 127 720 2 2 13 190
13. 04/07/14 17:00 05/07/14 06:15 182 296 795 2 4 18 717
14. 05/07/14 13:15 06/07/14 21:30 427 429 1935 2 3 15 1284
15. 05/07/14 18:00 08/07/14 01:30 1191 1536 3330 4 8 33 2045
16. 06/07/14 04:30 07/07/14 06:00 175 212 1530 3 5 25 387
17. 06/07/14 16:30 08/07/14 18:15 197 83 2985 2 4 17 420
18. 07/07/14 06:30 07/07/14 21:30 84 40 900 2 2 14 126
19. 07/07/14 22:00 08/07/14 01:30 61 0 210 1 2 8 183
20. 07/07/14 13:45 08/07/14 06:15 255 217 990 3 6 26 472
Fig. 1. (a) yard carne handling time; (b) quay carne handling time.
Fig. 1. (a) Shows yard carne handling time versus number of generation. Fig. 1 . (b) Shows quay carne handling 
time versus number of generation. The fitness function is calculated as the reciprocal of the objective function. The 
selection function ensures that genetic information from the fittest individuals is passed down to the next generation, 
generating a fitter population. Crossover operates and generates offspring. Mutation operation can help GA to 
prevent premature convergence and obtain the global optimal solution.  Eventually the population will converge on 
the optimal solution, which, in turn minimize the vessels handling time, see Fig. 2.
Fig.2 A snapshot from output of our developed  methodology at run time
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Fig.3 illustrates a comparison between both the actual and our proposed model operation time (service time) 
versus number of containers. From the figure one can see that our proposed model enhanced the service time and 
achieved better results than the methods that container terminal planners use where 56% reduction in ship service 
time (loading/unloading) in port is achieved. 
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Fig.3 comparison between actual and our proposed model operation time 
5. Conclusion and future work 
The efficiency of container terminals depends on the container handling time in the terminal. Since, container 
terminal problems are NP-hard problems. In container terminals, many combinatorial related problems and the 
solution of one of the problems may affect to the solution of other related problems. Many approaches have been 
developed to solve container terminal problems separately. As such, they are unable to ensure optimal solution for 
container handling problems in container terminal. In this paper, we proposed an optimization methodology for 
solving container handling problems using genetic algorithm.  The proposed methodology is applied on a real data 
from container terminal at Port-said Port in Egypt. The results show that the proposed approach reduce the ship 
service time in port where 56% reduction in ship service time (loading/unloading) in port is achieved.  
In the future, further more studies will be conducted for increasing overall performance of container terminal 
using intelligent techniques, additional factors will be considered and testing more models to solve container 
terminal problems.  
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